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1. Introduction. The quark-gluon description of the interactions among hadrons and the properties of high temperature and/or hadronic matter is one of the most central problems of contemporary nuclear physics. Such problems are characterized by processes that involve the simultaneous presence of hadrons and their constituents. The mathematical description of these processes requires approximations where a drastic reduction of the degrees of freedom is unavoidable. In this sense, one would expect simpli cations by describing the hadrons participating in the processes in terms of macroscopic hadron eld operators, instead of the microscopic constituent ones. The problem with such a description is the noncanonical nature of the composite hadron eld operators which complicates the use of the traditional eld theoretical methods. Of course, the problem can be formulated in terms of constituent eld operators only, but then one would have to deal with other di culties such as singularities in certain Green's functions of the system which re ect the presence of bound states.
In this Letter we present a generalization to hadronic physics of a eld theoretical formalism developed in atomic physics for problems where atoms, electrons and nuclei are simultaneously present in the system 1]-2]. This formalism is based on a change of representation by means of a unitary transformation in which composites are redescribed by elementary-hadron eld operators. In the new representation all eld operators are canonical and the traditional methods of quantum eld theory can be employed.
The original atomic physics formalism, useful for problems with a xed number of particles, is generalized for hadron states with an inde nite number of constituents. This is important for the implementation of the formalism to models where creation and annihilation of quarks and gluons play an important role and, therefore, processes such as creation and annihilation of mesons and baryons are naturally taken into account. (1) represents the set of all quantum numbers (spatial and internal) of the hadron and , : : : are the quantum numbers of the constituents. For the vacuum state one has q j0 >= q j0>= g j0>= 0. is the amplitude of the Fock component with nuarks, n q antiquarks and n g gluons; it is taken orthonormalized and antisymmetric (symmetric) in the quark and antiquark (gluon) indices. An Einstein-like summation convention over repeated indices is used.
While the quark and gluon creation and annihilation operators satisfy canonical (anti)commutation relations, the hadron operators satisfy: The presence of C 0 re ects the internal structure of the hadrons and is responsible for e ects such as quark-gluon exchange in hadronic collisions. In general, it can be decomposed as follows: 
F is a normally-ordered series of products of quark, antiquark, gluon and ideal hadron 
B is constructed by an iterative procedure as a power series in the Fock amplitudes by enforcing Eq. (9) order by order. The B operator derived in the original atomic physics formalism 5] cannot be simply transcribed to the present case. Technically, this is because the C 0 in Eq. (2) does not annihilate the vacuum, a feature that was originally the key element for transforming real states into ideal ones. Physically this is a consequence of the fact that di erent Fock components of an hadron state have di erent numbers of constituents.
The crucial observation is that the di erent parts of C 0 , Eq. A 00 :
The construction of such a term encompasses the required generalization for operators as in Eq.
(1).
Although the physical interpretation of the B operator is not very transparent, the fact it satis es Eq. (9) In a variety of applications using eld theoretical many-body techniques one will be interested in the Hamiltonian in the new representation. Application of the transformation on the microscopic Hamiltonian leads to an e ective Hamiltonian of the general form: U ?1 HU = H qqg + H a + H a qqg : (12) The subscripts identify the type of operators upon which the Hamiltonians depend on. One distinctive feature of H qqg is that it cannot form the single hadron bound-states which are mapped into ideal hadrons; it describes scattering processes only. This is similar to the \quasi-particle" formalism of Weinberg 8] , in which bound-states are redescribed by quasiparticles and their e ects are subtracted from the original microscopic interaction such that the convergence of the Born series is improved. H a describes baryon-baryon, mesonmeson, and baryon-meson interactions and H a qqg describes processes such as hadron-quark scatterings and hadron breakup and quark-gluon recombination into hadrons.
3. E ective Baryon Hamiltonian. With the purpose of demonstrating and exemplifying in a transparent way the characteristics of the transformed Hamiltonian, we discuss baryons in a simple quark model. We consider a general class of models in which baryons are three-quark bound states, the quarks interact by two-body forces, and neglect antiquarks and gluons. Most of the calculations of baryon-baryon interactions using quark models 9]-11], have been performed with such models. The microscopic quark Hamiltonian can be written as: H = T( )q y q + 1 2 V( ; ) q y q y; (13) where T is the kinetic energy and Vis the quark-quark interaction. The baryon creation operator is given by Eq. 
In free-space, a single baryon is an eigenstate of H:
where we are using the convention that there is no sum over repeated indices inside square brackets, E is the total energy of the baryon. ) : (18) Note that this e ective baryon Hamiltonian is of general validity in that the 's are not restricted to baryon ground states, neither are they restricted to be eigenstates of the microscopic quark Hamiltonian, Eq. (15) . Also, it is not di cult to show that it is symmetrical under exchange of initial and nal states and, therefore, free of the post-prior discrepancy. (19) and H!a = H y a!is the recombination Hamiltonian. In models where quarks are conned, these terms contribute to a free-space baryon-baryon process in intermediate states only, because free quarks should not be produced as asymptotic states in a free-space hadronhadron collision. The exact way this will happen depends on the particular con ning mechanism of the underlying microscopic quark model. The breakup and recombination Hamiltonians can give rise to e ects similar to quark delocalization 13]. Also, in a high temperature and/or density environment, where hadrons and quarks coexist, the breakup and recombination processes can play an important role.
The higher order terms of B give rise to many-baryon (>2-baryon) forces and also orthogonality corrections. The orthogonality corrections correspond to the \renormalization" of the relative wave function by the square-root of the normalization kernel in a resonating group calculation 9], 10]. Among other e ects, these weaken the \intra-exchange" interactions, i.e., interactions where the microscopic quark-quark interaction occurs within a single hadron 1], 5]. For 's that are eigenstates of the microscopic Hamiltonian, the orthogonality corrections cancel, to lowest order, the term proportional to H( ; ) in Eq. (18). 4. An Example. We have derived an e ective nucleon-nucleon potential, consistent with lowest order orthogonality, from a microscopic quark-quark interaction of the form: (20) where a are the color SU(3) matrices, j are spin SU(2) matrices, and v c and v are arbitrary functions of the momentum transfer q. v c can describe quark con nement and other spin-independent quark-quark interactions, whereas v ij describes spin-spin and tensor forces.
For simplicity we are not considering spin-orbit interactions. We use s-wave nonrelativistic nucleon wave-functions, and perform the sum over quark color-spin-avor indices in closed form using the method of Ref. 14] to obtain a spin-isospin e ective NN potential U(p; 5. Conclusions. We have generalized a eld theoretic formalism for composite particles originally developed in atomic physics to treat composite hadron interactions in quark models. We have derived a unitary operator which transforms a general single composite hadron state in Fock space into an elementary-hadron state. When the unitary operator is applied to the microscopic Hamiltonian one derives e ective Hamiltonians describing all possible processes involving hadrons and their constituents. As an example we explained the formalism using a simple quark model where baryons are composites of three constituent quarks which interact by two-body forces. We have shown that one can formally construct the unitary transformation for a generic Fock space decomposition of a single hadron state. In practice, however, one will in general need truncation of the Fock space. The cloudy bag model 15] is a typical example of such a truncation, the nucleon state is a superposition of a three-quarks state and a three-quarks plus one pion state. In general, when using a relativistic quantum eld model one will have to face renormalization and truncation of the Fock space will then introduce problems with divergencies related to the vacuum and violation of Lorentz boost invariance. One expects that such problems can be solved in a light-cone formulation 16] of the model. In such a formulation, the vacuum seems to be \simple" and hadron states are described by a nite Fock space basis in a Tamm-Danco approximation. In this sense, given the renormalized Hamiltonian and the hadron states, one can construct the unitary transformation and obtain the e ective Hamiltonians describing e ective hadron-hadron interactions. The e ects of divergencies are then transferred to the matrix elements of the e ective interactions.
Recently techniques similar to the one presented here, originally developed in the context of nuclear structure, have been used in hadronic physics 17]. Their emphasis and aim, however, are quite di erent from ours; whereas in references 17] the transformation is de ned on many-composite states, here it is de ned on single hadron states. Another important di erence is that the present formalism allows applications to relativistic quantum eld models in which hadrons are bound states of an inde nite number of constituents. In this sense, it would be interesting to apply the present approach in connection with the one of Ref. 18] , where creation and annihilation operators of composites are de ned in the context of the reduction formulas of the LSZ formalism. The treatment of composites in terms of ideal operators will facilitate, in view of their canonical nature, the use of Feynman rules for calculating Green's functions and S-matrix elements involving bound-states.
The formalism developed here o ers great opportunities for several interesting applications where eld theoretical methods are required. As in the case of atomic physics studies of medium e ects 19] and electromagnetic plasmas 20], the formalism nds natural applicability in studies of the properties of hot and/or dense hadronic matter.
